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(C) ABSTRCT i

Four designs of grilles for the armored personnel carrier, 3013 we'e r
submitted 49,A4ow4 for tests to determine the protection
that each afforded against combat attack. The gour types of grillea were n
all-steel grille, an all-aluinum grille, and *Wo bination steel and
aluminum grilles. Pr aent simulators ranging in size from the eWer,).302a
45-grain projectile to the 20-mn, 830-graln projectile were fire& at the
grilles at striking velocities which correspond to the velocities expected
from corresponding size fragments at a distance of 50 NA from an expJ.oding
105-mm, HE projectile. The offensive grenade, Mark IfIa-m the fragnintation I . .
g:enade, W26 were statically detonated on the grilles. A protection rating
was calculated for each grille. he all-steel grille was the only one that
gave satisfactory results for all test conditions. he combination steel and,
aluminum grilles of the designs tested did not give satisfactory protection,
but it is recommended that other designs using this combination be tested
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In the present concept of nuclear Varfare, dispersion of troops and .
equi msent is essential. To engage in battle, with an enemy which possesses
nuclear capabilities, high-3peed, high-mobility vehicles are needed to trans-
port personnel and equipment from their widely dispersed locations to concen-
trated points of attack and to redisperse quickly to hold the newly acquired
terrain. T

"'.3 To meet these requirements CONARC requested the Ordnance Tank-Automotive .

Comand to design a lightweight personnel carrier that would be both air- I - L

transportable and air-dropable. The vehicle was also required to provide pro- ")v'J :i
tetion against fragments fr.om bursting high-explosive shells and. against small"
arms projectiles.

It This vehicle, designated the Carrier, Personnel, Full-Tracked, Armored,
, 113 was tested at Aberdeen Proving Ground to determine the protection that it
afforded against ballistic attack. It was observed in this test, and reported
in Armor Test Report No. AD-1271, that the engine convartment grilles had poor
tP' ructural strength, as evidenced by the extreme deformation and breaking of
the louvers uander high-explosive shell fragzent impacts. From these test
results it was concluded that the grille should be redesigned to afford greater '
protection to the engine. To fill o1is requirement, four different grilles
were designed and fabricated. Eight grilles of each design were submitted for
ballistic evaluation. Thus the objective of the test reported herein was to
dete t ine which of these four grille designs afforded the best ballistic pro-
tection for the engine compartment of the .13 armored personnel carrier.

'r.. ~~2. (U) cPSPrzo1 OF M -.,-" .MM

%,e grilles for the M-.3 armored personnel carrier (Figure 1) can be
uzed Interch.=geably in either the intake or exhaust position (Figure 2).
Each grille covers an area a"xpraxdmately 28 Inches sqXre and each is approxi-
mately 4~ inches thick.

It ~The aU-aluminum grille, D!A8459 (Figure 3), consists of aluminum I 'f~
louvers that are welded to the frene of the grille. This grille weighs .
aproximately 176 pounds. I - "

I..- -.-. -,.p.

I ji , . •

Figure 3 - 59T3139: Side Viev of All-Aluminum Grille, rITAI48 59. .'
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noe.atraight steel and aluiIum grille, VZA48OI6 (Fiue 4.), cowlst

or front steel armor bars placed perpendicular to the plane of the grille Aa
backed up by two rows or aluminum bars. This grille velghs appoximately 2W.
pou-nds.

Figure 14 -59T3138: Side View of Straight Steel mad Aluminum G;rille, W..
DTA4&460.

The eli-steel grille, DTAW&1~O (Figure 5), Is constructed vith steel
4 armor bare placed at a 60-degree angle to the plane of the grille id b'pcked

up by two rows or steel bars. Thi grille weighs approximtelY 360 Pon"a.

Figure 5 -59T3139: Side View of- All-Steel Grile, =48hOI6i.

The slant steel and aci num grille, DTA1l#8462 (Figure 6), in constructed
the same as the eli-steel grille with the exception that the back-up bars we ~
made of aluminum. This grille vaighs approximately 24 pounds. *

Figure 6 - 59T3238: Side View of Slant Steel and Aluminum Grille,
TA484622.

The construction of the straight stela aluminum grille,.te n
steel grille, and the slant a-teal and aluminum grille Is similar in that the
armor barso of tha grille are hold In2 piace in the grille frame by rods that

% pass through both ends of the armor bars. This design facilitates rapid fab-
rication and easy roplacement of damaged bars. Hoever, the replacement of
daicged bare cannot be accomplished it the grille frame structure which sup-
ports the armor bars has been damaged. _____

6
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3. (C) DETAITA OF TMS

• <"3 .1 Procedure and Results ..

.-e testing program was divided Into a small a phase ,nd a ,grenade
phase.

31-1 Sm Arms Firing. Th grilles were fired on In three positions:

N normal to the grille, Into the opening between the bars or louvers, and across
the bars or louvers. In each of these positions fragment simulators were fired
at striking velocities corresponding to the velocities expected from the same
size fragments encountered at a distance of 50 feet from an exploding 105-M, 1
11S projectile. 47

The following are the srikng velocity levels at which the fragment

' "20-m, 830-gr, F8 3000 fps

Cal .-50, 200-g', FS 2750 fps
Cal .30, 45-ar, FS 2350 fp

2125 he 830-grain fragment simulators were also fired at a velocity of
2425 foa normal to the grille. This conforza with the military specification ;':2 ,."
require- ut for the roof plate which surrounds the grilles.

Caliber .30 ball ammuition was fired on the grilles which were I7t
maintained in the same three positions. This am unition consisted of service ,
rounds which yielded striking velocities of approximately 2800 Ips.

Witness plate (7igure 7) consisting of 0.020-inch dural sheets was '
placed about six inches ',ehind the grille. Me size of the penetrations in
this sheet was used as the basis of evaluation of the protection afforded by
the grille. : '6

:'."fFgure 7 - 593365: Du a Witness Plate, So wing ou nds 2 , 253, 256, .";"7

257, 2A, an 259-"

- - 'CONFIDENTIAL
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• , ...... ; ......... Figure....7.. -..5 ...3,,-65: Du-r- , Wit.s Pl-t -Sh• n -- ounds'.' 252,- 253 2-56 , V,-SY-" '.'--V
' , - C , ,,%' .. ,; " .#. "+.257,... -.-258 .' ';.'., and 259.' ".".' "'



L.~~~- r . L -- r.

CONFIDENTIAL
Thbe roud-by.'rouna results of agL w=l firi ng ff wae'ptesented

In Ayppi B.

3.1.141 Analysis Of Data. To analyze the rem 'ts of this test fro, the
rowd-by-roumd data without a method of data reduction would be s' .aoul...
tesk. 1hereforde, a protection rating system was used to reduce the rav data -
obtained to a compact yet representative form. no rating sytem used Is e-
plalned. In detail In Appendix C, page C-i and C-2. BrIefly the protection
rating system takes the folloVng factors Into consideration.

a. Mhe percentage of projectiles fired that A 4efewte.by
the grlule.

b. Average arnmt of damge* sustained by the 4=wa1 vitna sheets 4.

from those projectiles which were not corpletely defeated by
-~ the grinse.

A protection z ting was calculated for each grille for each test
condition. A suneary of theseocalculations is presented in Appendix D and the -. -

protection ratings from theme calculations are.-given in TWA* 1.

Tal 1. 8=:=7r of Prtcin ~ig
Cal .30 Cal .30 Cal .50 &0-4i 20-M-

Grinse FS Ball. FS ___ S.*-

A1 Steel 100 72 8a - 82
All lutmim 100 75 88 59 53
Slatteelaid Almin= .93 68.65 -. 57- 4

Stra&1ht Bteal and Alminu 100 50 "-6"""

3.1.1.2 Rcults. From th su of V protection rqtlzp it may be
notea thtat the a12-steol erlle and the a21-alw-A=inz grille gave c=6arable
rezrlts for. the leas severe conLdItions, u2 to and including c be .50 :1'ragmnt U
s8iXz3tors, and that this protectlon vss good. Conversely, the combIration
steel and aluzlniu srifls afforded poor protection amd were fable to P-dequately
defeat only the 45-Srz0n, caliber .30 fraze-nt simulator. Zze ACnizu back-
up barb of both steel-aliwtnim comnation Crilles were readily sheered or
separate by aW projeotile that passed the frontal armor bars (tioue 8)., ~

Althush the all-alunimn arille afforded good protection at the
leas severe corltions # affog ded por prot-ction Pgainst the 600- anl
830-grin fragrz3t s1=zuatori.' - he eau1.n louvers vere ftwaged seyerely ana
were d -Isaced (iriguxe 9). The took or t p on th* rear of the loiver which " -

workecd cffectIvely in stqpping- the ca1 Ther .50, 207-Vrain fragment ignzuator
w not capanble of stoping the lergor 600- arA 830-grain fra6zint.

'he a]l-ateel grille afforded goadprotection against all the
IJ.

projectles used in the test, with only minor damage to the grlle, (Fngure I0). •

": "t\- -'.
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pigurf 8 59T3157 SlantJ stellw Alumfinu Grle ________Bound

88 thou~h 1 andRound103 g 20mm 8f_r/fj n z r n Simlatrs Hound

98 through 1 and Ronthog 103 Were .=-Inh 600-Grain Fragment Simula Rud
tore. Rounds 110 through 118 were Caliber .30, l45-Graira Fragment Simlators.

* iBounds 3.19 and 120 were Caliber .30, Bal. '
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MiUrM 9 59T3159: A~l.)luminum Grle DT&I.8459. Rounds 63 tbrough
1'165 were .712-Inch, 600-Grain Fragment Simulators. Rounds 66 and 67 Were 4~0.

Gri *~getSiuaos Rounds 68 through 81 Were 20-im.. 830-Grain Frag-
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3.1.1.3 Observations. The au-aluinu Vri2lle afforded less protection '

Vhen it was positioned so that the line of fire vas directed across the lot- rs.. ..
than it did in either the norual position (00 obliquity) 6r the into-the-

. opening-beteen-the-louwn position. The strongest part of. the all-alinM N-.loj.ver type grille is the center area of the louver bars, but when this grille . .
is attacked in the "across" condition, the projectile passes parallel to-this f
center area. Thus, for the smaler projectiles, up to the 600-grain franat
simuator, it is possible for the projectile to pass completely through the' -.
grille and not strike this strong area of the- aluminum louver bars. The aluma-..
nuz. grille afforded its madmum protection when the firing vas directed into
the.openings between louvers. - '

The direction of attack which wajL most lethal for the al-steel C .
"rilUe, the slant steel and alminum grille, and the straight steel and a-i L
nm grille, vas in each case the into-th-openings-bettse-louvers position. .- ---

31.2 .GrenEae Stqtic Detonation. Grenades, M26 fraoentation and Xark
III offensive, *ere statically detonated directly on top of the grilles. The
grenades were placed with their longitudinal axis either across or parallel
to tho bars of the gr*illes. Durl witness plate va placed directly below
the eille for the first few detonations. In these detountions the blast

* .'(eroliohad the dural to such an extent that detailed damage assessment was Z

• ' -nossble; therefor, for subsequent deton&, Ins 1/2-Inch plywood was plaed

about ten inches below the grille.

3.1.2.1 Reiults. The sall alumir= bars of both of the combination
stcenl-o.1wun grilles vare shearad of by the blast (Figures 11 and 12) with 0
sutficient. energy for the sheared portia of the bars to penetrnte the ply-

"'he all-aluim Grille (Figure 13) was damaged to the extent
thai the louiera at the point of detonation were displaced and some velds
were fractured.

The all-seel grille (Figure ll) vithstood' the grenade detonations
satisfactorily with dane.e only to the spacer bars.

'-I
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Figure ;~ij uh 11 5T15:Stagh1tela jAliu Grle I44

FigureU - Nte12 Streai Stee oMAi~nus GrleRTAI8~Oear.N
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Figure 13 59T3153: All-Aluminum Grille, DTA4B8f59. Grenade No- 3,
Mark Irl Offensive, Placed "With" the Bars. Grenade No. 6, m26 Fragmentation,
Placed "With" the Bars. Grenade No. 12, M26 Pragmentaitioz1, Placed Across the

Bars
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(C) CONCLUSIONS

It Is concluded that:

a. 'The all-steel grille Is the best of the four types of grilles
tested. It will afford good protection against fragzents froi
exploding high-explosive projectiles and'has sufficient structural % *

strength to withstand grenade detonations.

b. The all-alumium grille will afford good protection against sal
fragments, but will not provide satisfactory protection against larger
fragments (600- to 8 3o-grain). Grenade detonations will. structurally
damage this grille.

c. The straight steel and aluminum grille and the slant stzel and ~'
aluminum grille will afford very poor protection against IM projec-
tile fragments and grenades. .The small aluminum back-u bars do not
provide adequate strength.

5(C) IMC1MDATINS

It Is recommided that:

b. The concept of frontal, steel armor louver bars backed up by the

lower-density, fragment-absorbing altmdnum louver bars, be Investi-
gated further. A possible design (Figure 15) which used the best
features of the all-steel -grille and the all-aluminum grille should
provide protection superior to the all-steel grille, with, a possible 4u

veight reduction.

to'
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APPENIX A

Correspondence

ORr* -V ltInd (C) M~r Duvall/ohnJ4l37

ORWIC-RB.l.5
SUBJSC?: Te~st Directive for Air-Trinsporrnble Multipurpose Vehicle

Family, Armored, T113S1 and T113032, (ordnance Project No.
7f1-403), Deparbnent or the Army Project No. 545-07-032 (ii)

DA O1D0, Mehington 25, 0-.C., Sep 12 1958 --

TO: CG, Aberdeen Proving around, 1rylaid ATT~Zt ORDBG-i .4,

1.. Subject test directive, as outlined ini tho basic letter, is for-::warded approved. W. 'i

2. in view, of the "crash" developmenit program which has been estab-
lished for subjeot vehicles, it Is imperative that every expedient be %A
used to meet the scheduled dates set forth in paragraph 2 of the basic lette 21

3. Program authorization for these tests is included in the FY.59
V~~ I psearoh and 113velopuuent Program. Department of Army Priority IA applies.

FRTECHIV? OF ORDRANCs:

*/t&l/ M.A. KINLY
~ Colonel, Ord Corps

Assistant

* Copy Fuxnish.: d
CG. OTAC

ATT~ ORLWLC-RB.l.5

A-

REQMADING Dy i&ATUAL
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2 Cot 58 TX

ORDNANCE TANX AIWO&0T113V CO1iWAND vseuminski/obA5251
DETROIT ARSENAL

2BL271 Van Dyke Avenue
Center Line, Michigan

IN REPLY 500/ats. (27 Aug 58) AUG 27 IV
REFER TO

SUBJECT, Test Directiwe for Air-Transportable )Iultipurpose Vehicle (2j(
Family, Armocred. T113EI and Tll3E2# (Ordnance Project No-
TW-1j03), Lepartmen% of the Ar.my Projeot No. 5,45-07-032 (U) 3

TOs Chief of Ordnance
Department of the Army
Washington 25r, 0. C.
ATTECTIONs ORMT-CYS, Mr. 1. 2'. Duvall

1. The pirpose or this Directive Is to establish the procedure to be sv
followed ini testing the subject vehioles. Due to the *crash" nature of this t
development program, It is in the intexewit of expedience that Ordnance
engineering tests on the T113B2 vehicle And the T12392 vehicle be conducted
concurrently at two test siter. It Is therefore reocsunded that the CARRIER,

d f PVCMI,3L, PUL-TRACKED, Armored, T113E2 be evaluated at the Ordnance Test 01_____f ~Activity, Vua, Arizona, and the CARRIER, JA3SOtiNSE, FYLL-TRACKRD, Armored, ~t~
T113:,2 be evaluated at Aberdeen Proving Oround, "aUlnd.I

2. 4t should be noted that the following time schedule has been firmly
established for the program in ordier that early peaduction of a T113 type of~f Personnel Carrier can be attained,

a. 15 January 1959 - C0OIARC evaluation of i'113R2 and T12382 vehicles
completed to the extent that a decision can be rendered on the selection oft-
a preferred type, T11391 or T113E2 vehicle, to be produced.

b. I February 1959 - Type Clsiiation tc be made on the vehicle

finally selected.

a. I April 1959 - Issuance of a Production Contract. I
An extremely high priority must therefore be established at Yuma, APO, and P
I March 1959. -z- V

3. VAterialt The following Is tentative sohedule for the delivery
of pilots and ballistic hulls to the Yuma. Test Station and Aberdeen Proving
ground during Fiscal Year 1959.

R-14.34l -A-2 D1580652

- ~ i-- - - - E ItADt D&TA CANNOT Ar -Mn j TAl. .

AN



OIc-RB.1*5 Aug 28 1958
SUBJECT:i TestDietvfoAi-rnpotbeMliuosVhce

a& CARRIER, PERSODNEl, FULL-TRACKED: Armored TliEls

t .APHIOXDWAT
TYPE DESTINATION ARRIVAL DATE r- ' T

Pilot Noe 1 Yumna Teat Station 27 Mg& 1958
Yuma, Ariaon&a

o.CARRIER PERSONNEL, ?ULL-TRACKEDs Armored T113Les

APPRiOXIMA&TE
TYPE DESTINATION ARRIVAL DATE ~.*

Pilot No* 2 Aberdeen Proving I Sept~ 1958
Ground, Iryland

o. BALLIST!IC HULLSs

TYPE DESTINATION ARFRIVALDATE

T113EI and Aberdeen Proving 1 Oct. 1958
T113E2 Grounid, 1xayland

14. Scope of' Tests$

a. The twits required include the complete evaluation and deternina- f.J
tion of 'nthicular parforranoo oharateriatios, as established for the subject
typo vehicles by OTCM 360149 dated 5 January 1956 with the exception, that "

xhre thsrain stae the requirement that thi vhil fsorh otece

* vohiolo shall be that its air-drop weight does not exceed 17,#500 pounds, and
tho requirenent for the T113_52 vehicle shall be that its 6ombAt loaded weight
does ro~ oxoeed 24,000 poimds. Air-drop weight of the vehiolep defined an

it applies to the T113Z1. vehicle, is its combat loaded weight less ths fol- .

4 lowing itemal Perronnel, Track Padn, 0% Fuel, Rm~unition, and Winterization
Kit..

te b. All tests are to be aonduoted in accordance with items listed 0
inth Odrance proof Manual, Vol, II, Automotive testing under OPM 60-05*

d ated. I October 1957. Tests not covered by the OATP will be prescribed by
special instructions in this directive or in supplements thereto. .:

4--

7"~ 
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* CONFIDENTIAL Au2715

ORIW-R7B1958
'a SUBMETs Test Directive for Air-Transportable Multipurpose Vehicle

F'amily, Armored, T113B1 sant T113E2, (Ordnanoe Project No*..
T7(-103), Department of the Armny Irojeot No. 55-7-O32 (U) 6 V

5oPoorpy- In addition to the normal requirement for still

and supplement component deficiency reports, it in requested that dooantary
notorpies a eso ae sub iedwitof the feialest repod oeing clariA
major phase of the test program. ?4

V6. Tests to be performed on the T11331 pilot, destined for evaluationi
at Y=& Test Activity with the relative order of prior'ity, are as follows$ .A

as ONi 60-251 Mechanical Inspetion

sbo Ofli 60-301 Preliminary operation

a. OPM 60-95t Cooling - During this phase of the test, the Tl13111j vehiole shall be loaded to a gross weight of 24,000 p0182ds.o

*d. opm 60-85s Mobility - DirinS this phase of the tests, the T11331
t vvhiolo shall be evaliated during desert type operation - sand dtimetoopI

at bot). a &-oss vehicle weight of 21,000 lbs. andi 24ooo ibs

a. OF 60-300# EDwronmental Factors, Speolul emphasis should-
be plaoed on the adequacy of the vehicle ventilating system while operating .

:with a comple t* crew complent.

fo OPM 60-1701I 7racks UWd Suspenision. j '..

go OPA 60-60t Load Distribution and Ground Presure*.

Sb. ON i60-72s 1abar Pan.

ci. ORI 60-741 Moceleration, Maximxu -~ uini== speeds* ~

*Jo OlI 60-401 Vahicle A1e Consunption Tests.*. .

oke QlP( 60-801 Gradeability andi &~d Slop. Forfaose.I

*1. OP.0 60-71z Breahdag.

FU 60-501 Sandard Obstaoloe i:

--.. Oaf. 607s tering. o

0o. OPlt 60-901 Fording (Note Amphibious Owsrateriatioa).

p. Clii 60-651 Determination of Center of Graity and Makents of
inertiA about a Longitudinal and Traverse Axis* .. .-

3 3

A-4i.71S

- -REXMAING DATA CAIYOT Bg pRMZaD 31

N
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CONFIDENTIAL
ORM-B15Aug 27 1958.LI*

SUBJECT, Test Directive for Air-Transportable lUultipurpose YehioUi
Family, Armored, T1l3El and TliW. (Ordnance Proeot No*
TW403), Department of the Any froJeot No* 545-a7-032 (U)

q. 0IFL 60-230, iBecoxdory Swn*

re 01FL 60-15t Charaoterist~es.
so.~ 0-2 ioc Reports. I

NOTE:i Those OPIL features devoted by an asterisk ()are to be performed *on-
currently with the T113 Personnel Carrier presently at the Mufa Test Stationl,
however equipped with the new 15-iimh track as utilized on the T113Bl vehid1es
ean a now Ordnance Power Package, AOSI-314~ 1iglne and XTG-90 Transmission.

7. All tests at IV=a shall be coletnd in sufficient time to penait
preparation and shipment ofthe T113s. -vehicle toFort Churchill8 for cold
weather enviromnxtal tests, during the 1958-9 winter test piogram* All
71n tests must be completod by 31. Deem~er 95. Air shpu of the
Tll3iEl vehicle is contenplpated from the TIU= Teat Station to Fort Chiroill.
Tests at Fort Churchill are to begin no later tha 15 Jauary 1999.

S. T[he followizZ toots applicable to Arctic corditiomi and such otle ra
as may be determinsd by the test engineer or the Ordzance Tank-kztmvotive

Cat d bor Chupphll. st this Iliroctive, are to be cornducted on the vehicle r
A* OPS 60-3001 Fzvironmental Factors*

be OHS 60-301,t Field Cold thrting and Wm&i-Upe

e. 0O1 60-302s Field Test of Peraonn eRating System*."'

a. oHSa 6o-8 5, 1fobility - Masrabicear to ber-eduring oea
tion on the frozorn lake and frozen =mug tsat courses, durina trials on
uxtra'rollqd drift a=ow of varying depths, on level grovad, and pre;Ared ton Y
azd tweaby per coxxt alopes. * he T113Z). vebhicle sball tie wialuxtod during this7
phase at both a gross vehiole waight of 21,000 pounds tmd 214,00 0 .- Ada

alds . OFA 60-72s Dratibar Pxll. ?be capa~city of the vehiole*-to tow
slds aniptus. rAd other appropriate trailed loads rgdor various mobility

conditions, is to be deierined at the bwm gross vahiole, veiGht specified
Above,

9. Tests to be perfonaed at Abardoen Provtirg dr-ouad on the CM~R~, ~
PSO0lJ1Ls YULtL-TRACHAD, Arzored T113V2 are As follos,

4 a. OYU 60-25s Mchanical Imacetion.

to OPA 60-30t Preliminary- O4erbico --- 4

11 P~MMADMG MID Csj,-OT Bit P-EDPfl

L 
- -.

*~~-~-* *~~--*'j.
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* *-s~5 ~ ~ A~*- *~~e~t~. .A-v,

ntBB~ etDrciefrArTa otboMliups ell
raiy rnrd 11E MT13~ OrnnePrja b

M40),o~ ~ ~ ~ ----men -ith Ary roio*N*54-0-02

9. - -m 6o8t oilt

doB~C~ Twb 60-17t0s forak AfrdTrapotab. Jintial tes. onhehicle

are to be conducted with 24-inch diameter roadwheelas 10-tooth sprocketa, 17-
Inch diameter fixed track retrnz i4 ,rs, and solid track blocks, T bita on
the 'vehicle are ale to be so' *--L u- ng 22-inch diameter roadwhsels, 9-tooth
aprookets, 15..inoh diameter .9.s rt:..zr .dlers. wAd skeletonized blocks* A ~__
comparative evaluation reor. thetwee. the t~wo system- is to be submitted.*__

so OM 6060:1padMatibuton nd GowAPresure

ke OPA 60-5t Stadard Intreooest.

no. OP 60-75 Steernin ig.1,

oe OPW 60-65s EDtarian o ente of raity aehcle (4,00 is f
MOati& abu36d 49).~ ndtanvrs xie

pe~~~~~~~3 O 0201Scnay raet

q* OH 60701Torqe Masurmens fo Troklaerm

4 ~ ~ ~ r ODIPf 60lA~s CMSfT E DFEmfle .

so1- 0-71 -*--tefroo.,eto
to OP 6035 HuanEgierig

Ue~~ ~ ~ O-U 6015 iuaeTsigo ew7 eils(,0 ie. -A
See..........................................................

.*.-6.,



CONFIDENTIAL

A27 1958
SUBJECTs Test Directive for Air-Transportable Multipurpose Vehicle ".

Family, Armorodo, T1139I. ad T113 2, (Ordnance Project No.
T*40 3), Department of the AWi Eroject NO& 545-0-W3 (0) .

To OP9L60-1.5t 0arsateritics.

w. OPM 60-20a Deficiency Reports*.

10. Tests on the BALLISTIC RULLS are to be performed at Aberdeen
.Proving Ground generally in accordance with OPU 22-11, "Armor Plate Testin j, ,
and ON 25-28, "Tests of ulnerability", however, speoiticaally under the .-
following guidance a

as 0BJ CTIVEs Vulnrability teot of the hull of the CARRIR,#
PERSONNEL, FULL-TRAOKRM, Air Borne, T11321 and T113E2.

b, DESCRIPTION, Tio (2) hulls, ora T113BE and oaa, TI13E2, will be .
supplied. In addition, nine (9) grilles, three (3) of three -(3) different
designs, will be submitted for ovalua-ions The hulls will be fabricated from
weldable aluminumq armor a" the Grilles from stoel Waior aluminun armor.

0. PROCEDUREs In order to ascertain the level of protection
afforded the two (2) hulls (with different thieknesses), the following tests
shoall be conduoted, i'j sC:".

(1) aAse I - Fraonontation Testes The sides amd roof of the
hulls are to be impacted by fraononts frcm 105 m HE shell at 90 and 50 feeot

(2) Xhuo 11 - Blast Evalubionof .AbionbTampraturo, The
welfriott joints are to be ballistically shock tootod using the 37 mm shell, ":" .

'
.

He, IS, 40 mm H.S-TlR siall and/or 57 mm proof projectile 1001. Th sele-
tion of the type of round for testing eadh weld joint -W be determined by .
APG personnel.*.~-

(3) Tase III - Resisatsme to Peutration of the Hull Armor with
condition onu-aratod in the table below-

.Arail FruoTe oblitilo lii ts hl edt~rs naer iewt h
,re lpojectile 0!liqu Thlokness B-L "2hi ).osni B.L. '. ',

Front-Lowor Gl ois .30 Cal AP 300 -lA 2355 1-[/2 2600 I

Front-Uppor Glaois .50 Cal AP 450 1-1/2 2390 1-] / 2390 , 4
7ronLowa.r lols .50 Cal Ap 300 1-1 16715 1-l 1900 .

Roof-Upr o* ,o30 Cal AP 0 11- 2540 O . ..
Sider-Lant .30 Cal AP /24 1510 1-l4 .2055 *

ASdo-Lower 13 a 31 A 20 - 2885M4r~e~r:30 Cal Ball 00 1-A 25

qI Roar .30Cal AP 00 1-/l 9055 1-294
i Roof 2=11L AP 600 1-/ 2200 1-1/ 22004

'Hoof 2020AA 650 -1 2600 1-/2 2600 *. ,

P Itzuat vrication that round vill niot PontArate the *=mor.
6. *"-. , .

A-7 I

REGRADING DATA CAN± OT BE PDs11ET_4IMr

.. ... ... ... . .. . ... .. ... ... . . .. ...... .. .. ..... . .... .... ... ... .... ...-. .-.-. . :: <,
- ~. - , - . :- c.,,:. e.-,..

-, , t. .
V -

0 4 ,"',,

."-.',",,7
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CONFIDENTIAL

ORDJCRD.14Aug 27 1958
SUB.iECTs Test itrootive for Air-Transportable Multipurpose Vbhico

Faily, Azeored, T213S1 and Tll 3 E2, (Ordnance Project No.
T11403)# Depsrtment at the AW f1rojeot vo. 545-07-032 (U)

(4) rhaso iv -, ariles , it Is desired that .a ballistic .w.1'-

azation of the different typos of grilles be conducted. It is suggested
'7', ~ * that. the grille" be tested undter the following conditiones

Projectile Direction of Firi% bing(ogos
JV.0 Cal Fragment Si=Ultor Across Segments of Grill. 0
.30 Cal Fragment Siwlator Into Segments of Grille 0 __

.50 Cal Fragment Simulator Across Segpents of Grille 0

.50 Cal Fragment Simulator Into asgments of Grillo 0 x U
20=M Fzrapent Simulator Into SegMents of Grille 30 4 5
20mL Fragmont Simulator Across Segment. of Grille 30 45

.30 Cal Ball Across Seponts of Grille 0
.0Cal Ball Into Segments of Grillo 9&6

50ClBallcosS~nsofGil 5&6

.50CaA? anos Ste nts of Grille 0&7

20MM AP Into Segments of Grill. 60 & 75K

offene renade

(5) Phase V -Splash TestinC: Bullet splash from .30 Caliber *
ball and A? rounds and grenades, shall be directed towvards various openingsI ~ '~

keying of movable parts.*

do EPIORTS# A final report will be required. Distribution will be
In accordance with distribution list, which will be forwarded urder separate ___

cover at a later dates

11. -It Is requested that weekly reports of test be forwarded to Ordnance
TaIc-Autouotive 0ommnd, Research and Devolopmuit Division, Detroit rsenal,
Ceniter Yins, Uichigan, ATTENiION: ORDUC-RVl.5, and copias be sent directly
to: Food )iachiiiory azd Chemical Gorportion, Sin Jose, California, A~TIWION*

12 It Isfurther requested that thsCo==labe centinually advised of
the testing schedule so that rapresentatives frcm this Conveand, UAd Food 4
Itachinery and Chemical Corporation may be at the cost far ility to observe rX
critical portions of the testing*

FOR THE CO13DZDRs j _ _

/A$s/ a. H. FTJLLS

furnisbedsarch 6; Development Diviuioa
Copiex uns bd

Wr. Montgomery, APG, Aberdeen 3Me 7J J.~&
We Snider, YWA Test Sfta., ?Azna Ari%

RWGADINiG DATA CAIM7OT 13. YREDRnI4T3AE

- - - -- - --- ---- *-- --- -~-- --- ---- - -~1. 4 1

'N R.N



CONFIDE~nAL
Swl FirnISBoun-by-toua Dat

ROUZ B*kb rille ambw. maSie of 10"I
Mm~~~cL Doit Clqul L=g6 Axal - arld Ramrlm

Caliber ..30 Zrapuon* 4lnltw1 5 araft
170 P1q! 00 pp p~

.173 293 35?b pP~
172 2M9 04. pp

174 2514 350 iito Ili p
175 210t 350 inlto pp(1 p
184 2384 350 across PP P
185 23000 across ppP
186 2003 350 across pp~)
187 2146 350 across PF(P)A

Caliber *30 BsU2
2168 00? 1h1S,4p/

168 LV00ai 26 aelw s 2 - (z~1

177~~2 2Pin5 it

178 2805 350 into pp~p
178 2805 350 into pp~p

180 2819 350 toross opP 1 hou JA 3/419 A2

181 2833 30across P b3 ola I~j A..A -

- ,~:... 18"xW~) 22 pft

na2 2aZ6 350 acrou CP(P) 23 blclst 1-;/2'tx-1(4'.

383 281a 350 across op(P) 6 holm s

0C2iber .5 rament simulato 207 &M&a j V,
25310

'22758 0 PP
198 2791 0 pTp
199 2A2 00 Ppp

*I 200 2758 00 -AP
201Lo0 0 2 holes WAN14 4

B-3.

CONFIDETIAL
--. ~~6774

I ~ ~ ~ ~ ~ ---. * - ---- - -
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. CONFIDENTIAL

iom ______ Grills_ Vm~ N mA~ aM is of Won. In

. el!A bPPi 2~ Dural *and Remarke
a 32 75 4 9 0 0 P P 

.

.2707. 350 intoi
6M 50 into P?.

.7 2808 35* into Pp P

27738 35 nto PPp
27628 35o into pp p

197 2820 350 ±into pp p
.9 2W03 350 oroaa PP
10 2839 350 acoeu p

10 88 350 across P P119 2808 350 acros C ibls ,x,~.'

190 268 350 aorous Op~p)j 3 holes.. IP/2A 2 (3vxl/~
193. 2760 350 acoss PP(P

12 2823. 350. across OFPP 9 holes.t 3A'"1" 3(1T"z1 4 "

'1.193 2812 350 across ppp P
*19b. 2793~ 350 across OPF P 2 holes. 5/W'xl/' 2/804M/W)

9d 2768 35* acros~s pp P
20 2740 350 across OPI P 1 hole. 3Vz3 "

2(- 27. 350 across PP P
*2a'~ 2758 350 aoroai OP P I bale I2A208 350 acoss OP P, 1 hol1 ex5/8xS4'

20 27638~ 350 across PP P,
20 2768. 350 across PPP .

*ft in, Vwavmt Simulator 400 Grain
* 66 2238 35* across op Dimgu4s~ -low ve1odir'

67 2630 359 Aruosm PPM VZsre~ut -low velocity

.712 In. Wrapent muator 600 Grea53 21457 00 PP P Dereari low wloot
2P2300 lw "lolt

582 pp p 00 PPP D5rerd Rwoo~55 2692 00 pp P VD0evwdr - low volocitW
56 258 0 pp P Plore~u - low 'roloolty

57 2552 0: PpP Dtswrerd -low vlooit%

59 509 Go OP(p) 3 halps. 14/fz/W*, 111"rj2.'VS

2901 00 OF(p) 214 ,a" d 1a 4o . *,

1~(i~lI.~I%
rh Q 2

* ~ ~ ~ ~ ~ ~ ~ /W -------- _____

0;K,
C0 P6iEN 4

I% VY



CONFIDENTIAL.

Grile Ymeran Sie f olg.IsL.

52 Lost5 350. -.am 3PPM~ao~o,
63 319 30 ass O P P3hos7 - n 1

4, 1),~ 2rn13 'X1"

5135 309aoross PP(P)

63 206 350 across CP(P) 3hi,' "P'

64 3ces3 0"a.ru cP(p) I holes 3A'V2"x4 1/8u/8

242s crgieu Simulat 23 hol s/" 1 ylax3/8

9433 00 Ojp a. I holeI LI/GAlo k

Poot 00 O 2 hols ~r4/ . I ).'c-
24 4 00 p 2holaa s 3"-W /8id/V

;V-5~14~ /16i116 r

;-0 33 2100 238 0' .p( 2 boo.ss2 A"X1/4
25 2469 0 Ce O P 2 hobo: kIg4 AxA ~ ,,

3014 3I 21u203o OP6 1hoa:l~
247 21488 PP

ft 310 o fM P P

259 176 30 Q * ~ i P) 40 Jv 
44 t 1 ~ u

B-3~

X4 ~ A -
69 179 59aore~ v.-

CM-3 .B '17MHA-

-4 cr\V 7~I I ____W



CONFIDEN4TIAL jX

I Romi Strikdrg Grille Numr and Size of Jiol i.-1

Number vlooity Cliquit Daigo Dural -. avi Rewrt:m

70 1769 350 across cP(p) 1 2 holes: enlargad 1rovious hole to

72. 1600 350 across c() 5 holes t -~x-A ,"l"

72 3151 350 across 5 holes g 3"xl*, 1l~xlA~s. g(1/8x/)

73 3128 350 across OF(r) I hole, t /"x-/4" Disregard
74 318 350 across o() 6hlg 4"2$u2l/U

Disregard
75 1731 350 across CP(P) 10 holes$ 9"1241A. 1,'~x3/8".

V'~5 1/8"XP. y/s~"

2(141"XA"). W AI-

0/6"A6* - Disregard

76 1L774 330 across 0P(P) 7 holens I 1/8". l1/Aux3A,4e

1A"xlA6". Disregard

319 350 across Op 1 holes 1-1P4"x1-2/lt' Disregard

78 3106 35 cos8 holess 3"x2w, 2-l/2"xl" 3"3,U
58.5/O9z '

79 3054 35 oo- lp hlsIA"X1

80 Lost 35o across CP(P) 14 holes3"xl-1/2 l"x3 "5 1 xl/

8135 soross, CP(P) 2 holes 1 3Pxl-2A'. la.12"x3j k

8 M350 across -Disregard

83 30%l 350 across CP) 4 holes "a-lA" i-i4"5(8.

~r r
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106 8Arikiag Grills. m"w Sm file at Was la
NWb* Teloolty Cb1iTdtZ Eaese Dual - M md

-08I .4ar~ ~P holes 5*1'!

250 301 3504"oss Oi(P) 6 holes a 2*'l-l u.* 2(2

251 1/441t, 351ng p
25oYjat 35aoros cPl P 2 holessa 3A&xIIA', ;VIAsA

j253 2996 35 aoross 0i(P) 1 holes INI

-~~~A -- A. . 1*

COMMIDENTIA

A'Al

JI ALI



CONFIDENTIAL

- R0UBD-BY-ROM3i D&A.

V. loolty'g Stool____ and__________________________

______loi~ Cbligjit ag uanemarm

OaUibsr .30 Rra~oat Siruator 45 Grain
141 9473 P0 p) pit ba

1W2 2283 0* *P PMt~ bar -

.001 pp Goo b

145 2450 300across p p GooIik"

346 WS1 300 areas PP P Goo hft

147 2381 300 across pp? p 0064 bit

138 2833Caliber .30 Ball 0 ols
X" 2833 00 cp(p) 22ois

I" Last 00 O(P) 82 holes, I )1.4/4.30A
218 2837 300 across OP(P) 22 holes s 1"W Xe

13~ 2728 300 &areas ) 7 holes, x 3 ay

Ok~~r 50 zavntSimlator 207orl

-p 3hols. ___

14274i3 0* CP(?) 2 holes j IA~xlA'. WA/6 *
.15 277 P(P 5 holes l/32"xl/2 ". x16.

B-6



II

Blound Str-Idkii grile *mber and4 Sise of Holes In

N- e velopity Cbi3t -jm Dural - &Ars flvvks ~

16 281 epPPn

17 2790 00 3 bolast

18 276 3 oce CP(P) I1 holes I-~l .~

* - 9 M76 30* &rows Pr(p) --

B-7.

LO 4

777177 _11

Y. Y



'I' ____ ____ ____ ____ ____ ____ _ _ _ _ _ _ _ _ _ _- ---- ---- -I. 
fm,. -"rh 

T- 1
1WL.

DU 41
DU n stikngdrl 

* Vibe an*it f oesi

D'ILPur~al andA.a

157 2W4 00 P II

lfta~~er 'Goot Dmg Dwl nd its~4

CalibeP .3t bar~i uat 45~

e4~o o.I P151~ 493 it PP( po iP PP

1529 int PP(P Good hit

151 Calib~er .30 Ball.

PP(P0) Good hitF' Pp Goodhbit

163 2818 300 into OP(P) 38 Walss /~" 5 //8"x 2A* .

1OC/1( xA 22 pin
264 L~ost 30 2~o OP(,P) 72 holes 8 3-l/wxl-1/0 I. lZ31

51 pin

165 2800 300 itto CP(P) 3 oe,~58 b~N

Cmlibor 9150 Mraswxzt Bhimuator 207 Oraia ~33 2831 00 IvP 2 hi 184d "A.P pin*~34 276 P hoes E-*z,/. -- Az/8332762. 00 
*j

35 76a 00'r
3-1 "5741 00 P PP

222 0* ?Pt
213 -M6

3
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Ron trlkiii Grillo limber and Size ef Holes1*:
-me Velooy Obliqu!___g Durul - mi Rua'rk8

234 2800 00 pp(i3
30 2782 300 into cp(p I. hole S 1PXI8
31 2782 30* Into cp( p) 3 holos: Sl/ X 0/32x1 w'2
32 2803 300 into cp(p) 3 holes S 5/8"xl,' 3/i'xl/8*S Pin
215 '2783 300 into PP(P) .r~

216 2769 300 Into cp(P) 6 holes s

217 2816 300 into Cp(p) 2 halos s 5/8"k5/B* 1/8"x/8.

218 2793 300 Into cp(p) 2 holes: 3Nix3A'. lIV1W KV
219 Lost 30* into cp(P 2 holes i 3/8"4A I/
220 2736 300 into J./XJMA

221 2783 300 into cp(p) 2 holes:t 5/6"xl/1&" i/1&"l 161

222 274~6 30* Ino CP(P) 4 hole s: 59/8 * .3(1Wx1")
223 Lost ~O no PP(P) Disregard
224 ~ Lost 300 into CP(p) 1 hole j a mx)

225 2768 300- into cp(p) 6 holes: 2 1,/x2 &3 NA"1A. /-

226 2768 300 ia CP(P) 4 holes: 3(1A'rla) 0/6"A6"OiZ

20-in Protent simulator 830 Grida
38 2894 Go cp(p) 6 halos: lI2&"x1A3 . 3/4'x.1A6's

WA116*4* lp,'. -4

392872 00cPP 2 holes# ~x/w l1~l3~

40o 2836 00 cP(P) 3 holes: tA~A 1/4&"x4/,. '

Ui'Lst 00Dsrgr

423047 00 Orc(?) a holes$ Ax/.

00 PPP4a/10

2 3 5 2 2 5 0 0 p p
238 4170* PP

236P 25 holes i
15p6

nq p p 2" L -. -J

65 30 30. L3 P 5hoe*5

15 pinA,



CONFIDENTIAL

P-be Veo! Cb~& R Dural -and Remark

063043 300*lito OrC?) 4 holss 31/tl,4.8hz3fo.

30/4" int

227 2980 30.5*. PF( JA
228 3064 300 it. h0298 t 3(W1AeA), %. x&

229 3070 300.* into11hoes

230 3057 30l C P(P) .8 h0le4 a VA'1l,2&' 3(l4'424&),
4(l1h/16 ' )V,0R

23.3039 30Iim pp .*

232 3039 30* iU CM0 holess3 W28)

4e3 02 600 aoros: PP('

A Q.

1~1w



CONFIDENTIAL

FIR M ING -

• RO.--BY-ROtfl-- DATA.--

slanb 3el and Alumima Grille I- .

Round Striklug (rill* Number and 1i. Of 1010s In

.CP(. holing1,11f258x0°  P
Nubr Vlocity (bliquit Damauge Dural .ui Remarks_ _

Velmoolt 0 ono -eO • i+r'- aw
Calibr .3 &Oel

1no 2331 00 C P 1hoe
112 Lost' 00 CPP 3holost s d2 M4W /xj

1L21 24i6 0Ib PP

1+2 2269 0o . .,bw.,
, ,. . 216 2.375 00. " p- ,++v":"-+.-'

ii++- 117 Lost 00 epi -- p'+

2 2777 30o into PP'P 3he abar1,

137 .8 .600io pp.p ,.-

226be 300 to ien Siltr 0 ri

.__27 Lost 3D0 Ir PP(P Disregard

13 ot 30it PP(IP "'

i 132 Law Velooft, 30° int Disregard:+,+
234 2502i 30 nto p it br +. _

* 20 950 cp) 7 holes 6:.& pin

2232M nt 00 Cp(P) 3 hollo 1 ' 'X+z1 -, 6 *- '+-----x-

Piz

0273cp~el holo., 1/8.+/e 412'

CONURITIAL __

*l + m+6 *o *jd*+ r. .-
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-CONFIDENTALV

trg Car.1. mw a Ass, of Njob. i
-zo TslooitX Oblgtd y _oae Durl -and Its= ~l('

122 26Oe CP(P 5 holesi 5/U8 A.".1) 1/1l/6

27M2 0' P?(? Itit

25 2016 300 Irst OP(P o~s3Oi..34~8lpf 62734 300 ~Ito cP(F) 5 holes I :1 5/8" Ifx3/8. 2(2/2.xVW6')

272740 NO0 into CP(P) 2 os -,0M ij 28 2810 60* oaross PP(P)
2.2725 600across PP(P)

Oe- In. Frapas~b Sa2tw 600 Gran

101 22,14 00 pp(p) m.*

ice 24% 00 tt~ ti(P -1 .A.ILi A

U ~ ~o4~t s T~ 4 ,;IG- 7 V-4/ .QaJIeJ -

IL 3(14"xi,4)pi
105 PP~
106. 2991, 00 CPPI 3 bobat 518%41210. 2(2/a*z/e)

2 107 3106 00 C'Pp 4 holea s -2a~.14. /4XA"

108 1959 00 cP(P) 14 holesj 1x3,4.1. -~4x' (,K1
109 2981 00 cP2 ilaa~8x/' (A~i" i

-N-

/16 1 4(1/8"-1/811)

91 303 010 C(P) 2 holo s M Disr.osz - ___

95 3091 00 is** P?(P) Bit spacerbar -A.

96 2912 0o Into OF(P 6 holosua 1..14'-1/4'. VAN, 3/'z42A; \f

B-2
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Round~ p*122wn (kri13. rmer sjrl Size of 11olesi

Nuimbr V1ooLt Cblquty inn Dural - and Remarks

2 773 00 into Rpp holest 1-1/A"4-1/43A". 1L
6(i/*16"x1/)L6*) '

98 29714 06 Into Cp(?) 4~ holost 2-lA"xl-1/* 6:5 14 #

20-gm Fravatt Bimu1atw 830 GrAin

A14 3088 00 CP(P) 14 holosa i -1/4i-1/4s 3j1x3 '.,

112 x3/~ 3 2/3

2 (l/8"xl/8 'J

89 *3013 30 'v C 0(p) SIteared aluotimubar tut uissod dural p
Disregard

go 3032 300 into CPUp) 1 hole I 2"xi-I/A 3  sheared outaide ~
alwimm bar

91 3001 300 inxto ea 1-/*d;/? 5/8*ja)V

453D79 60oacross ?P(P)

;A
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AFFMNIX 0

* - 'Procedure for Analyzing .,~ta

In order to dei~ive protsection ratlxgs for estuh type of grille under
each attack and to provide a true picture of the. protection afforded by the
grilles, the folloving elements of data must be taken into consideration:

a. Tweentage of projectiles fired that were defeated by the &,i11e.

b. *Average amount of damage sustained by the dural itness. sheets froa
those projedtilez which were not comletely defeated by- the grill.

IA"

This ccobination. vas effected by taking note of vhe frpct that a .
projectile that oialy caused a few small holes In the sheet of dva-al.vaa.
substattieflly defeated by the grille. With this in mind, the percentages

* j wvere siodif~ed to reflect the damage that undefeated roiinds; were able to ,

7ery minor doinge end the letters b, a,. ard d Iidicate progressively greater
* damage. The folnown i*l the method that vais employed:

LAtter *Averge Size
Design o HEde in.Durs3.

a j~le ta /8 iizch.

a-b 3/Binch'to 3/) Inch.

Vb 3/4IMI oI nb
1~ 3 inch to 1-1/2 in&~.

a 1-1/2 inch :td 2-Inchei.

d Over 2 inches.

Letter
.4Avg Da wa Aoat by 6bih, ~~

.4 ~to Dturc1 Percer:*!,n a I Icreas-ed ypclR 1

*a1/2 (100% =Wats %rds 60% a .60 1/2 (100 60) .80 i',

ab 3/8 (iC0%itrn % rds 60% a-b. 60/ 3]8 (100:-..6o). 75
defcatee)'

L4 defeated)
Ab-c 3/16 (Jrinuis % rds 6V, b-c *60/ 3/3.6 (100~ 60) 68 4A

def at-e-A

IIi



CONFIDENTIAL

A,'1 Letter

Avg Daee Amount by Wicb

a 1/8 (10% iu.w% rf 6D% 60 1/8(006D) 65
deteatea)

a None 60%4.. 60

Since the protectiOn ratingS are* all bUsed on the same criteria, it Is
possible to comipare the protection afforded by & ertain grille -asftnt attack

grille gawt aother. Ite test covered by this report a liazited nuiber
Of rounds Were fired; therefore, only differences of flys or more are cozijid-
ered siguftet.

15~

C-2
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Proteetioctn s

PROTECTIONRIOS1D

Caliber .30 Fripnxt SaLwAtor 4&5 Groin

Rounds Rou~nds % Rounds Average size AverageI
(kill* Fired Defeated Defeated Role in Dural Rtn

Anl Steel
00 6 6 100- 100-A

Into 3 3100. 100 100,
across 100

00 10 0

Into 100 .100 100 1
acrss £4100 -100

00 4 4 100 -100.

int 9 6 67 .1(-) 7 93
a"rows 100 -

Straight Stel & A1lwdnm6
00 4 4i 200 m100 100 ~

across 3 3 100 -100

Caliber J0 Bel

00 3 133 , 2Ta6
Alsel 3 0 0 *28~a 50 72

All Aiwaium

Int 4 4 100 100.
* acros 4 * 0 0 ()0

002 0 0 4~3 a-b) 36

across 2 2 100

Straight Stel AALOm V1T
aon 3 0 0 025~a 50 5

Woo .3 0 0 .35a 50

CONMETIAI.

-. - -'V- -
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Clbr.50 ;jgien A dr 2.07 Grain_

021 100-10 5ono3 2 .6ai 90

'I ~ ~ Al A1luiu 11'1m

01 18 48 8865a) 9

Slant_ Ste Aln.

*51 50

Into - 0 0: 034(a) 50;~-~' 67** ** .
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20-.m raei* siulator# .830 GrainI

Ro0llt Rounds % Row~as Average 3aA.rg
__________ Fired Deted Defeated Role in Dural tlg RaigI

All Steel (
o: 3000rp 1" 4 0 0 .1a 504
0 21425 fP 7 5 71 12 0a 8$.

ino9 2 22 le61 __

across3 3 100 -100

0A 00 l 2 0 0 1.66.) 13*

0@2W~5 fp 7 1 14 ~ 46~-b
Into 8 3 38.67ab 61 53
across 13 3 23 .671m-bi 52

Slanit fteel & Aluima I
00 10 0oo. 50 ~

into 3 0 0 105 21 5
acossa, 11100 0 100

.4 No .. o'dv In STOMP

,J

%.

D-3
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*r .- .- ,,.,,,

. .~ . -Grenade Detonation Reaults

RESTIL8 3 GRNADS DETxJ--N

Grenade fIAWM~t t
Number Grille Grenads of Grenade Results ,,-___._____

All Alumnum 26 .cross bars Dural domolished by blasts
alumittum louvers separa"t.

2 All Aldnuam Nark III Across bars Dural de&2oisbid by blasti.
Alumiiw louvers se'arastd

3 All Alvinirn Mark III with bars Dural demolished by blast,

aluinua louvers separatai
Straight steel Mark III with bars Dural domolished by blasts
ad Alu'mim lutinwit bars shea"e off-

., All StMl ark II with bars tural demolished by Slawst

xpaoer bars Itit~.ed

,"6 All Alu ium u26 with bars Dural deoliahed by blast,
louvers separated

4 S ; 7 8traight steql W26 with bars Dural demolished by blA

All StA.1 eel Mark Ill soros' bars Dural domoliahed by blasrt,

8 All steel@4 spacer bars

*1 9 Straight steel Mark III actos bars Dural domolished by blas%
If end Alumiun= 2 alidnw b&rm shea red of

adotli.r aluminum bars blem iIi baok, w #pacer bars riptaied
10 lnnt Steel and . ark II across bars Five aelvdmnw bars "omrpltely

Aluniinum shoarad off and pexitratei2 ~ I /2filiolt plywood1 that wans
.1 -t teel s 6 aoroas oer:to ineob belos ..ill.

S)~tSee e6arosbas Twro middle alumiinu bans
AlunWiu oCMnplot@ly nboared off. Ot. '

side aluniin= bars blom baak

J*.All
22 Alum in.e aoroze tare Louvers separated. o 310 -

ment duogs to plywood

10 .33 All1 Steel * l(6 across be"s 6paoer bars eparate No
frapnt danage to p2~wo*4 i

...... . . . . . . . . .. . ,.. **..* .,..+. , : .+.?++ +

I .. .. . .
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